Marital status is related to cardiovascular disease (CVD) risk factors in Western countries. However, few studies have addressed the relationship between marital status and CVD risk factors in other populations. We investigated lifestyle and CVD risk factors relative to marital status among middle-aged Japanese men. We analyzed baseline data of 40-59-yr-old male workers who participated in the high-risk and population strategy for occupational health promotion (HIPOP-OHP) study. We compared lifestyle and CVD risk factors between men who were married (Group M; n=1,419, mean age 47.9 ± 5.1 yr) and those who had never married (Group N; n=163, mean age 46.7 ± 4.3 yr). Men in Group N were more likely to skip breakfast, work more shifts and exercise less. Current smoking rates, as well as average values of diastolic blood pressure (DBP), serum total cholesterol and fasting plasma glucose were also higher in Group N than in Group M. The proportion of participants with three or more CVD risk factors, namely smoking, hypertension, hypercholesterolemia and hyperglycemia was higher in Group N, than in Group M (12.9% vs. 5.0%, p<0.01). The difference between Groups M and N was more evident in the subgroup of living with others, than in the subgroup of living alone. Since men who have never married might be at higher risk for CVD, effort should be made to educate this population about decreasing lifestyle-related risk factors. (J Occup Health 2008; 50: 348-356) 
Many reports have described the relationship between socioeconomic factors including marital status with mortality 1-6, 11, 12) and cardiovascular disease (CVD) risk factors [6] [7] [8] [9] [10] in Western countries. Most have found that total and CVD mortality is higher among those who never married than in those who had married 1-5, 11, 12) . This impact is more apparent for men than for women 2, 6, 12) . Therefore, men who have never married might have higher CVD risk factors than those who marry. Some studies found that men who had never married had lower HDL-cholesterol and higher systolic blood pressure than those who had married 6, 7, 9) . To the best of our knowledge, only three publications have described the relationships between marital status and all-cause as well as CVD mortality in non-Western populations [13] [14] [15] . Furthermore, few studies have analyzed the effect of marital status on lifestyle and CVD risk factors in middle-aged men who play key roles in the productivity of most Japanese companies. The lack of information might be due to the low prevalence of middleaged men who had never married before the 1980's. However, since then, marital status among Japanese men has rapidly changed. The Japanese National Census reported that the rate of 40-59-yr-old men who had never married was around 12.1% in the year 2000 compared with about 4.3% in 1980 16) . A similar trend has been observed in other Asian populations 17) . Accordingly, we analyzed the baseline data of 1,582 Japanese workers in a large intervention study performed in 1999-2000. Our a priori hypothesis was that marital status is positively associated with adverse lifestyle and with CVD risk factors.
Methods

Study population
We analyzed baseline data from the high-risk and population strategy for occupational health promotion (HIPOP-OHP) study [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . In brief, HIPOP-OHP was an interventional survey to establish a methodology for improving CVD risk factors at the workplace. This study population consisted of full-time workers of 12 largescale companies throughout Japan. Each company had 500-1,000 employees. Researchers followed the data of CVD risk factors, lifestyle and consciousness about health based on nutrition, physical activity and smoking for four years 18) . This study was performed as part of the management of safety and health with the approval of the Safety Hygiene Committee at each company. Accordingly, all employees were enrolled in this study. However, participation was voluntary, and we explained there was no need for participants to answer the required questionnaire if they did not want to. During 1999-2000, baseline data was collected from 7,346 male and female workers aged from 19 to 69 yr old.
The present study examined baseline data from 2,453 men aged 40-59 yr because marital status might be stable until this age range. We excluded 386 who did not answer all required questions in the survey, 260 because of missing data about CVD risk factors, and 218 from whom non-fasting blood samples were collected. Fasting was defined as at least 8 h since the last meal. Thus, 1,589 eligible participants were classified into groups based on marital status as follows: married (n=1,419; 89.3%), never-married (n=163; 10.3%), divorced (n=5; 0.3%) and widowed (n=2; 0.1%). Due to the small number of subjects, the divorced and widowed groups were excluded. We then compared lifestyle and CVD risk factors between 1,582 Japanese married (Group M) and never-married male workers (Group N) (64.5% of all 40-59 yr-old-men). Approval for this study was obtained from the Institutional Review Board of Shiga University of Medical Science for Ethical Issues (No. 10-16).
Measurements
The HIPOP-OHP study group used a standard selfadministered questionnaire to obtain information. We used parts of the questionnaire regarding lifestyle and working conditions, namely, marital status, living with others (yes, no), shift work (yes, no), duration of daily overtime (about 0, <1 h, 1-2 h, >2 h), physical activity while working (sitting, standing, heavy work for about 1 h, heavy work for ≥2 h, other), stress at the workplace (yes, sometimes, no), frequency of breakfast per week (every day, 5-6 days per week, 3-4, 1-2, never), alcohol consumption (never, quit drinking, current), smoking (never, quit smoking, current), and exercise (yes, no).
Physical and laboratory data were standardized according to the manual of the HIPOP-OHP research group 18) . Briefly, we used the average of two blood pressure measurements taken after a 5-min rest using an automatic sphygmomanometer (Nihon Colin, BP-103i II). Hypertension was defined as systolic blood pressure (SBP) of ≥140 mmHg or diastolic blood pressure (DBP) of ≥90 mmHg or taking antihypertensive medication. Lipid measurements, including high-density lipoprotein (HDL) cholesterol were standardized according to the protocol of the U.S. Cholesterol Reference Method Laboratory Network (CRMLN) of the Centers for Disease Control and Prevention. Hypercholesterolemia was defined as total cholesterol of ≥220 mg/dl or taking antilipidemic agents. Hyperglycemia was defined as plasma glucose of ≥126 mg/dl or taking therapy for diabetes mellitus. Daily urinary salt excretion was calculated from spot urine samples according to Tanaka et al. 19) . Body Mass Index (BMI) was calculated as weight (kg) divided by the square of the height (m 2 ).
Statistical analysis
We compared the lifestyle and working conditions of Group M with those of Group N using the χ 2 test. We compared age, BMI, average values of SBP, DBP, total cholesterol, HDL-cholesterol, triglyceride, plasma glucose and daily urinary salt excretion between the two groups. Student's t-test was used to compare average ages of the two groups. Analyses of covariance were performed twice adjusting for age, and for age, BMI, smoking, alcohol consumption and type of industry of each company to compare average values of CVD risk factors. We divided all companies by type of industry, i.e. maker or service company, and used it to adjust the difference of economic and social factors. We applied a logarithmic transformation to normalize the distribution of triglyceride. We compared age and CVD risk factors between participants of this study with subjects we excluded from this study to check the bias by Student's t-test. The average age of participants was lower than that of the excluded group (p<0.01), but CVD risk factors were not different between the two groups.
We examined the number of CVD risk factors, namely s m o k i n g , h y p e r t e n s i o n , h y p e rg l y c e m i a a n d hypercholesterolemia between the groups.
Because living with others might be an important covariate of marital status, the participants were further stratified according to whether or not they were living alone or with others. Also, considering the effects of business bachelor, we compared CVD risk factors between men living with others and men living alone stratified by Groups M and N. The sample size was too small to compare CVD risk factors among the four groups.
To consider the relationship between marital status and clustering of CVD risk factors, we calculated odds ratios (ORs) and 95% confidence intervals (95%CIs) using binary logistic regression analysis. All analyses were performed using the Statistical Package for Social Sciences (SPSS Japan Inc. version 11.0J, Tokyo, Japan). Statistical values were considered significant at p<0.05. Table 1 shows the characteristics of both groups. Group M was older than Group N (47.9 ± 5.1 vs. 46.7 ± 4.3 yr; p<0.01). The proportion of men living alone was much higher in Group N than in Group M (50.3% vs. 4.1%; p<0.01). The prevalence of working ≥2 h per day of overtime was higher in Group M than in Group N (p=0.01). The prevalence of shift work and current smoking was higher, and that of exercise and eating breakfast ≥5-6 times per week was lower in Group N than in Group M (p=0.02, 0.02, <0.01 and <0.01, respectively). Table 2 shows the CVD risk factors. Age-adjusted average values of BMI, DBP, total cholesterol and plasma glucose were higher in Group N than in Group M (p=0.048, 0.01, <0.01 and 0.03, respectively). The relationships between marital status and DBP, total cholesterol and plasma glucose persisted after further adjustment for BMI, smoking, alcohol consumption, and type of industry (p=0.01, <0.01 and 0.045, respectively) (data not shown). The prevalences of hypertension and hypercholesterolemia were higher in Group N than in Group M.
Results
We compared the age-adjusted CVD risk factors among combinations of marital status and living status ( Table  3 ). The numbers of men who were married and living with others, never-married and living with others, married and living alone and never-married and living alone were 1,361, 81, 58 and 82, respectively. The difference in CVD risk factors between Group M and Group N was more evident in the subgroup of living with others, but not in living alone. On the other hand, in Group M, DBP and plasma glucose of men living with others were lower than those of men living alone (p=0.01 and 0.02), but in Group N, there were no difference between the two groups (data not shown). Therefore married-men living with others had the lowest CVD risk factors among the four groups. Figure 1 shows the proportions of CVD risk factors. The prevalence of participants in Groups N and M with 2 or more CVD risk factors was 40.5% and 27.8%, respectively (p<0.01), and with 3 or more risk factors was 12.9% and 5.0%, respectively (p<0.01). Table 4 shows odds ratios (ORs) and 95% confidence intervals (95%CIs) to illustrate the relationship between marital status and clustering of CVD risk factors. The age-adjusted OR of Group N was 1.94 (95%CI 1.38-2.72) for clustering of 2 or more CVD risk factors and 3.05 (1.08-5.14) for clustering of 3 or more. The relationship was the same in the subgroup of men who lived with others, but not in those who lived alone.
Discussion
We examined the relationships among marital status, lifestyle and CVD risk factors in middle-aged Japanese men. Men who had never married were more likely to skip breakfast, work more shifts and exercise less. Current smoking rates, blood pressure, total cholesterol and plasma glucose were higher in Group N, than in Group M. Group N had more of 4 CVD risk factors than the Group M. The difference in risk factor clustering between Groups M and N was more evident among men who lived with others than among those who lived alone. Many Western reports have described the relationship between marital status and all-cause mortality 1-6, 11, 12) , CVD mortality 1, 2, 4, 5) or CVD risk factors [6] [7] [8] [9] [10] . Johnson et al. examined the effect of marital status on mortality in a cohort of 281,460 men and women aged 45 yr and older in the United States. They showed that the all-cause and CVD mortalities of Caucasian men aged 45-64 who had never married were significantly higher than those of married men (Relative Risk (RR)=1.58 for all-cause mortality, RR=1.32 for CVD mortality) 1) . Malyutina et al. 2) and Mendes de Leon et al. 4) reported similar results in studies conducted in Russia and the Netherlands. 14) . There are several possible reasons why CVD mortality differs between Groups M and N. Those who had never married might lack social and moral support, or may not be able to sustain the necessary motivation to take care of themselves. Studies have shown that the lifestyles of men who have never married are almost always unhealthy, as evidenced by a Triglyceride is changed from a logarithmic value and numbers in parentheses of triglyceride are 95% confidence intervals. *Hypertension was defined as systolic blood pressure of ≥140 mmHg or diastolic blood pressure of ≥90 mmHg or taking antihypertensive medicine. **Hypercholesterolemia was defined as total cholesterol of ≥220 mg/dl or taking antilipidemic agents. ***Hyperglycemia was defined as fasting plasma glucose of ≥126 mg/dl or taking therapy for diabetes mellitus. Number in parentheses except triglyceride are standard deviation for age and standard error for other variables. † : age-adjusted values; i.e. expected values at average age for all subject. HDL-cholesterol is high-density lipoprotein cholesterol. Triglyceride is changed from a logarithmic value and numbers in parentheses of triglyceride are 95% confidence intervals. *Hypertension was defined as systolic blood pressure of ≥140 mmHg or diastolic blood pressure of ≥90 mmHg or taking antihypertensive medicine. **Hypercholesterolemia was defined as total cholesterol of ≥220 mg/ dl or taking antilipidemic agents. ***Hyperglycemia was defined as fasting plasma glucose of ≥126 mg/dl or taking therapy for diabetes mellitus.
high smoking rate 8, 10) , lack of exercise [32] [33] [34] , considerable stress [29] [30] [31] , and unhealthy dietary habits 32, [35] [36] [37] . We also found that men who had never married smoked more, exercised less, and were more likely to skip breakfast than married men. These lifestyle factors among men who had never married might result in a greater risk of mortality from CVD than that among married men.
Previous findings of CVD risk factors are inconsistent. Gliksman et al. showed that Australian men aged ≥65 yr who had never married had low average HDL-cholesterol, and that those living alone had high average SBP 6) . However, Kumlin et al. 8) and Ben-Shlomo et al. 11) in a study of French, Swedish and English workplaces found that CVD risk factors did not differ between married men and those who had never married. We found here, that Japanese married men had fewer CVD risk factors and less clustering of multiple risk factors than those who had never married.
Some Japanese workers, for economic and practical reasons, do not live with their families after a company transfer and live alone even though they are married. Whether the beneficial effect of marital status on lifestyle or risk factors also applies to married men who live alone is obscure. On the other hand, never-married men who lived with others might live with their parents or siblings. Whether the same beneficial effect of living with wives is conferred on them is obscure, too. Therefore, we analyzed the difference in CVD risk factors between married and never-married men stratified by living with others and living alone, and between men living with others and men living alone stratified by Groups M and N. The differences in CVD risk factors between Groups M and N were less evident among those who lived alone. This result suggests that the beneficial effect of being married is not apparent when married men live alone.
This study has some limitations. First, we could not clarify causality because the study was cross-sectional. One possibility is that men live an unhealthy lifestyle because they never married. Another is that men are unable to marry because they are unhealthy. Similarly, we could not assess whether having never married results in higher CVD incidence or mortality compared to those CVD risk factors are hypertension, hypercholesterolemia, hyperglycemia, and smoking. Hypertension was defined as systolic blood pressure of ≥140 mmHg or diastolic blood pressure of ≥90 mmHg or taking antihypertensive medicine. Hypercholesterolemia was defined as total cholesterol of ≥220 mg/dl or taking antilipidemic agents. Hyperglycemia was defined as fasting plasma glucose of ≥126 mg/dl or taking therapy for diabetes mellitus. n: numbers of participants who had 2 or more risk factors, or 3 or more risk factors. N: numbers of participants. who married. Prospective studies might clarify these issues. Second, the participants in the HIPOP-OHP study worked for large Japanese companies, which might mean they are "healthy" with relatively higher socioeconomic status. Thus, the rate of the unhealthy lifestyle observed in this study might not be applicable to the entire Japanese workforce. Third, we did not check participants' education, income, and employee status, so we did not control thoroughly for the bias of economic and social characteristics except marital status. Finally, the participants in the HIPOP-OHP study were "healthy workers", so they might have fewer CVD risk factors than the general population. However, our finding that men who had never married were more likely to have an unhealthy lifestyle or higher CVD risk factors might be applicable to the general population.
In conclusion, the Japanese men who have never married had an unhealthy lifestyle, higher CVD risk factors, and more clustering of CVD risk factors than married men in this survey. Furthermore, the beneficial effects of being married were limited to married men living with others. Therefore, marital status might influence lifestyle and CVD risk factors among middleaged Japanese men. Men who have never married might comprise a group at high risk for CVD and the prevalence of middle-aged men who have never married is rapidly increasing in Japan. Therefore, this group should be studied in more detail and educated about the effects of their lifestyles.
